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We have previously reported that compromised interleukin 17A (IL-17A) production in the lungs increased
susceptibility to infection with the invasive fungal pathogen Aspergillus fumigatus. Here we have shown that
culturing lung cells from A. fumigatus-challenged mice ex vivo demonstrated Dectin-1-dependent IL-17A
production. In this system, neutralization of IL-23 but not IL-6, IL-1�, or IL-18 resulted in attenuated IL-17A
production. Il23 mRNA expression was found to be lower in lung cells from A. fumigatus-challenged Dectin-
1-deficient mice, whereas bone marrow-derived dendritic cells from Dectin-1-deficient mice failed to produce
IL-23 in response to A. fumigatus in vitro. Addition of recombinant IL-23 augmented IL-17A production by
wild-type (WT) and Dectin-1-deficient lung cells, although the addition of IL-6 or IL-1� did not augment the
effect of IL-23. Intracellular cytokine staining of lung cells revealed lower levels of CD11b� IL-17A� and
Ly-6G� IL-17A� cells in A. fumigatus-challenged Dectin-1-deficient mice. Ly-6G� neutrophils purified from the
lungs of A. fumigatus-challenged Dectin-1-deficient mice displayed lower Il17a mRNA expression but surpris-
ingly had intact Rorc and Rora mRNA expression. We further demonstrated that Ly-6G� neutrophils required
the presence of myeloid cells for IL-17A production. Finally, upon in vitro stimulation with A. fumigatus,
thioglycolate-elicited peritoneal neutrophils were positive for intracellular IL-17A expression and produced
IL-17A in a Dectin-1- and IL-23-dependent manner. In summary, Dectin-1-dependent IL-17A production in the
lungs during invasive fungal infection is mediated in part by CD11b� Ly-6G� neutrophils in an IL-23-
dependent manner.

Aspergillus fumigatus, the etiological agent of invasive pul-
monary aspergillosis (IPA), is a ubiquitous mold that causes
severe, invasive life-threatening infections in patients that are
severely immunocompromised. Disease acquisition includes
such risk factors as neutropenia, impaired neutrophil function,
and myeloablative-immunosuppressive therapies associated
with hematopoietic stem-cell transplantation (16). Despite
available antifungal therapy, the prognosis of IPA remains
poor and mortality ranges from 30 to 90% (3) (10). This is
thought to be due in part to the relatively small arsenal of
effective antifungal drugs, some of which, specifically ampho-
tericin B, cause severe nephrotoxicity and are associated with
low response rates of between 10% and 40% (28). IPA has
risen dramatically over the last several decades due to an
increase in immunosuppressed patients, and by the early 1990s,
60% of invasive fungal infections diagnosed at autopsy were
IPA (22). It must also be stated that IPA is not only associated
with stem-cell transplantation but also presents in whole-organ
transplantation, primarily that of the lung and heart, with mor-
tality rates of 68% to 78% (35).

Interleukin 17 (IL-17), first discovered more than 15 years

ago (46) and now called IL-17A, is a proinflammatory cytokine
that upregulates a number of cytokines and chemokines, lead-
ing to the recruitment of neutrophils to sites of inflammation.
In terms of infection, IL-17A has been demonstrated to have a
protective role against multiple microorganisms, predomi-
nantly extracellular bacteria (9). However, IL-17A is also the
classic example of a “double-edged sword” in that it clearly
functions as an immunopathogenic mediator of inflammation
in such diseases as inflammatory bowel disease, lupus, and
psoriasis (17). IL-17A gained prominence when it was discov-
ered to be produced by CD4 T cells, a lineage now termed T
helper IL-17, or Th17, cells (18). Recent studies have begun to
uncover non-CD4 T cells as important sources of IL-17A.
Among T cell lineages, CD8 T cells (15), �� T cells (31), and
invariant natural killer T (iNKT) (25) cells can produce IL-
17A. Lymphoid tissue inducer-like cells, which are CD4�

CD3� NK1.1� CD11b� Gr1� CD11c� B220� cells, have been
shown to produce IL-17A (38), as have CD11b� F4/80� alve-
olar macrophages (36) and structural cells, such as Paneth cells
in the gut (37). However, the cytokines and transcription fac-
tor(s) that drive IL-17A production by nonlymphoid cells have
not been thoroughly investigated.

A role for Dectin-1 in the generation of Th17/IL-17A-me-
diated responses has recently been identified (19). The Dectin-
1/Syk/CARD9 signaling axis promotes dendritic cell (DC) ac-
tivation and the secretion of proinflammatory mediators,
including IL-23 (19). Dectin-1-mediated activation of dendritic
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cells has been shown to bias T helper cell differentiation to a
Th17 phenotype (19). Moreover, infection with Candida albi-
cans resulted in the natural generation of Th17 cells that did
not develop in CARD9-deficient mice (19). A follow-up study
showed that DCs activated via Dectin-1 produced IL-23 and
converted Foxp3� regulatory T cells (Tregs) to IL-17A-pro-
ducing cells (27). A more recent study reported that DC-
expressed phospholipase C-�2 was the dominant signaling in-
termediate for DC-mediated Th1 and Th17 differentiation,
again with a focus of IL-23 production (39). With respect to
fungus-associated IL-17A responses, a recent study has shown
that purified mannan from C. albicans is a potent inducer of
IL-17A responses via the macrophage mannose receptor
(MR), although blockage of MR, Dectin-1, and Toll-like re-
ceptor 2 (TLR2) separately had an inhibitory effect on periph-
eral blood mononuclear cell (PBMC) IL-17A production (41).
Intriguingly, stimulation of PBMCs from three human subjects
identified as being deficient in Dectin-1 has shown attenuated
IL-17A production in response to C. albicans yeast (41) and
more recently A. fumigatus (6), indicating a role for Dectin-1 in
IL-17A production by T cells in humans.

We have previously reported that mice deficient in the beta
glucan receptor Dectin-1 were inherently susceptible to lung
infection with A. fumigatus as a result of multiple defects in
innate immune mechanisms that control infection (43). Among
these, we reported that IL-17A production in the lung within
the first 24 to 48 h after A. fumigatus exposure was dependent
on Dectin-1 and was critical for clearance of A. fumigatus from
the lung, since neutralization of IL-17A in wild-type (WT)
mice resulted in a �10-fold increase in the fungal burden. In
this work, we sought to characterize mechanisms driving IL-
17A production in a Dectin-1-dependent manner during lung
infection with A. fumigatus.

MATERIALS AND METHODS

Mice. C57BL/6NTac mice, 6 to 8 weeks old, were purchased from Taconic
Farms Incorporated (Germantown, NY). Dectin-1-deficient mice were gener-
ated on the 129/SvEv background as described previously (40), backcrossed 10
generations to the C57BL/6 background, and bred at Taconic. All mice were
maintained in a specific-pathogen-free environment in microisolator cages within
an American Association for Laboratory Animal Science-certified animal facility
in the Lyons Harrison Research Building at the University of Alabama at Bir-
mingham. Animal studies were reviewed and approved by the University of
Alabama at Birmingham Institutional Animal Care and Use Committee
(IACUC).

Preparation of A. fumigatus and in vivo challenge. A. fumigatus isolate 13073
(ATCC, Manassas, VA) was maintained on potato dextrose agar for 5 to 7 days
at 37°C. Conidia were harvested by washing the culture flask with 50 ml of sterile
phosphate-buffered saline supplemented with 0.1% Tween 20. The conidia were
then passed through a sterile 40-�m nylon membrane to remove hyphal frag-
ments and enumerated on a hemacytometer. Mice were lightly anesthetized with
isoflurane and administered (5 to 7) � 107 A. fumigatus conidia in a volume of
50 �l intratracheally.

Lung cell isolation and culture, cytokine neutralizations, and stimulations.
Mice were anesthetized with intraperitoneal ketamine/xylazine and sacrificed by
exsanguination 18 h postinfection. Both lungs were collected and minced in
Iscove’s modified Dulbecco’s medium (IMDM) (Sigma, St. Louis, MO) supple-
mented with 1% penicillin-streptomycin-glutamine (Pen-Strep-Glut) (Mediat-
ech, Herndon, VA), 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen,
Carlsbad, CA), and 0.4 mg/ml polymyxin B (Thermo Fisher), followed by incu-
bation for 60 min with tissue-culture-grade type IV collagenase (1 mg/ml; Sigma,
St. Louis, MO) in a 37°C orbital shaker at 100 rpm. The cell suspension was
filtered through sterile 70-�m and 40-�m nylon filters, and red blood cells were
lysed with ACK lysing buffer (Lonza, Walkersville, MD) to create lung cell
preparations. For lung cell cultures, cells were enumerated on a hemacytometer

and plated at 1 � 106 cells in a volume of 0.2 ml. Supernatants were collected
after 24 h, clarified by centrifugation, and stored at �80°C. IL-6, IL-1�, and
IL-17A levels were quantified by Bio-Plex or enzyme-linked immunosorbent
assay (ELISA) as described previously (43). In specific experiments, neutralizing
antibodies were added to lung cells to assess the effects of cytokine neutralization
on IL-17A production. For this, anti-mouse IL-1�, IL-6, IL-18, or IL-23 (all
neutralizing antibodies were purchased from R&D Systems) were added to lung
cell cultures at a final concentration of 2 to 5 �g/ml for 24 h. Rat (IL-6 and IL-18)
or goat (IL-1� and IL-23) isotype antibodies were added to lung cell cultures as
a control. Supernatants were collected after 24 h and clarified by centrifugation,
and IL-17A levels were quantified by ELISA (R&D Systems). In specific exper-
iments, recombinant murine IL-23, IL-1�, or IL-6 (all from R&D Systems),
alone or in combination, was added to lung digest cells at 1 or 10 ng/ml for 24 h.
Supernatants were collected after 24 h and clarified by centrifugation, and IL-
17A levels were quantified by ELISA (R&D Systems).

Lung cell surface marker flow cytometry and intracellular analysis of IL-17A
production. Lung cells were prepared as described above. Cells were washed,
and Fc receptors were blocked with Mouse BD Fc Block (BD Biosciences, San
Diego, CA) at 4°C for 20 min. Thereafter, cells were stained with a single-color
Live/Dead fixable dead cell stain (Invitrogen), followed by labeling with specific
immune cell surface markers. The following staining parameters were employed:
macrophages were identified as CD11blo/neg F4/80lo CD11c�, eosinophils as
CD11b� Siglec F� Ly-6Clo/neg, neutrophils as CD11b� Ly-6G�, dendritic cells as
CD11b� CD11c� F4/80med, natural killer cells as CD11b� DX5�, monocytes
as CD11b� Ly-6C� Ly6G�, B cells as CD19�, and T cells as CD3� (all anti-
bodies purchased from eBiosciences and BD Biosciences). Of note, Ly-6G� cells
were identified using the 1A8 clone. Samples were acquired using a four-laser,
20-parameter analytic BD LSR II flow cytometer, and data were analyzed using
the FlowJo software program (Tree Star, Ashland, OR). For intracellular IL-17A
staining, lung cells were isolated from A. fumigatus-exposed mice and cultured
overnight, the last 8 to 10 h in the presence of GolgiStop inhibitor(BD Biosci-
ences, San Diego, CA). Cells were Fc blocked (as above), stained with a live/dead
stain (as above), CD11b, or Ly-6G, and then fixed and permeabilized with BD
Biosciences Cytofix/Cytoperm buffers followed by staining with rat anti-mouse
IL-17A–Alexa 647 (clone eBio17B7; eBioscience). Unstained cells served as a
control for background fluorescence and gating. Samples were acquired using a
BD LSR II cytometer (BD Biosciences), and data were analyzed using FlowJo
software (Tree Star, Ashland, OR).

Lung CD11b�, CD11c�, and Ly-6G� cell purification and culture. Lung cells
were prepared as described above. Thereafter, cells were incubated with anti-
murine CD11b, anti-murine CD11c�, or murine anti-Ly-6G MicroBeads (Milte-
nyi Biotec, Bergisch Gladbach, Germany) and magnetically isolated per the
manufacturer’s instructions. Assessment of cells by flow cytometry routinely
demonstrated �95% purity (data not shown). Each cell population was cultured
individually or in a ratio of 60% Ly-6G�, 30% CD11b�, and 10% CD11c� cells
with A. fumigatus at a 1:1 cell-to-conidium ratio. Supernatants were collected
after 24 h and clarified by centrifugation, and IL-17A levels were quantified by
ELISA (R&D Systems).

Il17a, Rorc, Rora, Ahr, and Irf4 analysis. Total RNA was isolated from lung
cells or purified Ly-6G� cells immediately after isolation by a single-step method
using TRIzol LS reagent (Invitrogen) as per the manufacturer’s instructions.
Thereafter, RNA was transcribed to cDNA (iScript cDNA synthesis kit; Bio-
Rad), and real-time PCR for Il17a (Mm00439618_m1; Applied Biosystems),
Rorc (Mm00441139_m1; Applied Biosystems), Rora (Mm00443103_m1; Applied
Biosystems), Ahr (Mm01291777_m1; Applied Biosystems), and Irf4
(Mm00516431_m1; Applied Biosystems) was carried out (iQ Supermix; Bio-
Rad). mRNA levels were normalized to Gapdh mRNA levels (primers/probe
from Applied Biosystems) using the 2�(		CT) method.

Thioglycolate peritoneal neutrophil isolation, culture, and intracellular IL-
17A analysis. To isolate neutrophils, C57BL/6 and Dectin-1-deficient mice were
administered 1.5 ml of 3% sterile thioglycolate intraperitoneally for 4 h as
previously described (2, 8). Thereafter, animals were sacrificed, and peritoneal
lavage was performed using 10 ml of tissue culture medium (Sigma, St. Louis,
MO). The lavage fluid was centrifuged at 600 � g for 10 min, and the subsequent
cell pellet was enumerated using a hemacytometer. For IL-17A production, cells
(1 � 106 in a volume of 100 �l) were stimulated for 24 h with A. fumigatus conidia
(1 � 106 conidia in a volume of 100 �l). IL-17A was measured in clarified
supernatants by ELISA. For intracellular IL-17A staining, cells were isolated and
stimulated as above for 12 h in the presence of brefeldin A (BioLegend). There-
after, cells were stained with rat anti-mouse IL-17A–Alexa 647 (clone eBio17B7;
eBioscience) and Ly-6G as detailed above.

Statistics. Data were analyzed using the GraphPad Prism statistical software
program, version 5.0. Comparisons between groups when data were normally
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distributed were made with Student’s t test. Significance was accepted at a P
value of 
0.05.

RESULTS

Whole-lung versus lung cell IL-17A production from A. fu-
migatus-challenged Dectin-1-deficient mice. In our previous
work, mice deficient in Dectin-1, originally developed on the
129/SvEv background (40), had a 2.5-fold reduction in IL-17A
levels in lungs after A. fumigatus challenge (43). We have now
backcrossed 129/Dectin-1-deficient mice for 10 generations to
the C57BL/6 background, and initial studies confirmed that
BL/6 Dectin-1-deficient mice were equally susceptible to lung
infection with A. fumigatus (8- to 10-fold-higher A. fumigatus
lung burden at 48 to 72 h postchallenge; unpublished data). In
addition, IL-17A production in the lungs after A. fumigatus
challenge was also dependent on Dectin-1 expression, since
BL/6 Dectin-1-deficient mice demonstrated 5-fold-lower IL-
17A levels in the lungs 48 h after exposure (Fig. 1A). We next
collected lungs from C57BL/6 (WT) and Dectin-1-deficient
(KO) mice after A. fumigatus challenge and subjected them to
enzymatic digestion to determine whether single-cell suspen-
sions could replicate the differences in IL-17A levels observed
in whole-lung homogenates. Initial experiments isolated lung
cells at 48 h postchallenge, followed by an additional 24 h of
culture. However, this design resulted in fungal overgrowth,
particularly in the Dectin-1-deficient lung cell cultures, result-
ing in both exacerbated and erratic IL-17A production (data
not shown). Therefore, in an alternative experimental design,
we isolated lung cells at an earlier time point, 18 h postchal-
lenge. Real-time PCR assessment of Il17a mRNA levels in
18-h lung cells from A. fumigatus-exposed Dectin-1-deficient
mice revealed a 4-fold reduction in Il17a mRNA (Fig. 1B).
Upon ex vivo culturing overnight of lung cells isolated at 18 h
postchallenge (in the absence of additional stimulation), lung
cells from Dectin-1-deficient mice produced only a third of the
IL-17A levels produced by WT lung cells (Fig. 1C). We next
examined the expression of multiple immune cell surface
markers on lung cells isolated 18 h postinfection. Cumulative
data in Fig. 1D indicated that the major constituent of lung
cells isolated from WT mice, approximately 68% of all cells,
was CD11b� Ly-6G� cells, i.e., neutrophils. CD11b� Ly-6G�

cells were also the major cell constituent in lung cells from
Dectin-1-deficient mice but constituted only approximately
53% of all cells (Fig. 1D). The remaining myeloid cells
(CD11b� Ly-6Glo/neg) were comprised of monocytes, eosino-
phils, dendritic cells, and natural killer (NK) cells. Total
eosinophils, which were defined as CD11b�, Ly-6Clo/neg, and
Siglec F� (33), were surprisingly increased in Dectin-1�defi-
cient mice (Fig. 1D). CD3� T cells and CD19� B cells were
also present in equal numbers in WT and Dectin-1 KO mice.
Thus, CD11b� Ly-6G� cells are the predominant cell type in
lung cells from A. fumigatus-exposed mice. Moreover, Dectin-
1-deficient mice on the C57BL/6 background have attenuated
IL-17A production in the lungs after A. fumigatus challenge,
and ex vivo culturing of enzymatically isolated lung cells repli-
cates in vivo Dectin-1-dependent IL-17A production.

IL-17A production by lung cells after A. fumigatus challenge
partially requires IL-23. Ex vivo culturing of lung cells from A.
fumigatus-challenged mice replicated in vivo observations (Fig.

1), providing us an experimental in vitro system to determine
which cytokines were involved in Dectin-1-dependent IL-17A
production. To date, multiple cytokines have been identified as
being critical for inducing IL-17A production by CD4� T cells
(Th17), including transforming growth factor � (TGF-�) and
IL-6 (reviewed in reference 17). IL-23 and IL-1� are thought
to maintain IL-17A production and enhance the expansion of
Th17 cells (17). Similar roles have been identified for IL-23
and IL-1� in IL-17A production by �� T cells (23) and LTi cells
(38). Finally, IL-18 has been shown to synergize with IL-23 to
induce STAT4-mediated IL-17A production in Th1-polarized,
IL-23-primed CD4� T cells in vitro (24). We therefore deter-
mined whether these Th17/IL-17A-associated cytokines were
involved in IL-17A production by lung cells. Initial analysis
indicated that both IL-6 and IL-1� were produced by lung cells
from A. fumigatus-challenged mice in a Dectin-1-dependent
manner (for IL-6, WT, 2,481 � 415 pg/ml, versus KO, 1,484 �
238; P 
 0.05; for IL-1�, 977 � 143 pg/ml, versus KO, 541 �
114; P 
 0.05). Despite their dependency on Dectin-1 for
optimal production in the lungs, neutralization of IL-6 and
IL-1� had no effect on IL-17A production by lung cells (data
not shown). In contrast, neutralization of IL-23 resulted in a
50% decrease in IL-17A production (Fig. 2A), although neu-
tralization of IL-18 had no effect (Fig. 2A). A previous report
has shown that human monocyte-derived DCs stimulated with
A. fumigatus hyphae, but not conidia, produced IL-23 (7),
whereas another study has shown that Dectin-1-deficient mice
challenged with a nonlethal dose of A. fumigatus surprisingly
had increased Il23 mRNA in the lungs (30). In the current
study, analysis of IL-23 in lung cells revealed undetectable
levels in culture supernatants in both WT and Dectin-1-defi-
cient mice (data not shown); however, real-time PCR assess-
ment of Il23 mRNA showed a significant reduction in lung cells
from Dectin-1-deficient mice (Fig. 2B). Furthermore, bone
marrow-derived DCs (BMDCs) from WT mice stimulated with
A. fumigatus overnight demonstrated low but detectable IL-23
production, which was absent in BMDCs from Dectin-1-defi-
cient mice (Fig. 2C). We next determined whether recombi-
nant IL-23 had the capacity to induce IL-17A production in
WT and Dectin-1-deficient lung cells. Results shown in Fig. 2D
indicated that the addition of IL-23 induced a dose-dependent
increase in IL-17A production in both WT and Dectin-1-defi-
cient lung cells. The induction of IL-17A was lower in lung cells
from Dectin-1-deficient mice, which we hypothesize is possibly
a result of lower neutrophil numbers (as detailed in Fig. 1D).
The addition of IL-6 or IL-1�, alone or in combination with
IL-23, did not augment IL-17A production above the level
induced by IL-23 (data not shown). Thus, IL-17A production
by lung cells from A. fumigatus-challenged mice is partially
dependent on Dectin-1-mediated IL-23, putatively from DCs,
but IL-17A production after A. fumigatus challenge does not
require IL-18, IL-1�, or IL-6. Furthermore, IL-23 can promote
the induction of IL-17A, even in the setting of Dectin-1 defi-
ciency.

IL-17A is not produced by T cells in a Dectin-1-dependent
manner after A. fumigatus challenge. As discussed previously,
CD4 T cells, as well as other cell types, may be a cellular source
of IL-17A (36–38). Due to the rapid production of IL-17A in
the lungs after A. fumigatus challenge, we questioned whether
CD3� cells were the source of Dectin-1-dependent IL-17A
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early after A. fumigatus challenge. Our initial hypothesis was
that due to its rapid production after challenge, IL-17A was
not likely to be significantly derived from a T cell source.
Indeed, analysis of intracellular IL-17A expression by CD3�

cells from phorbol myristate acetate-ionomycin (PMA/I)-stim-
ulated lung cells did not show significant induction of IL-17A

nor a dependency on Dectin-1 (Fig. 3). Intracellular IL-17A
expression by CD4� cells from PMA/I-stimulated lung cells
also demonstrated similar results (data not shown). Thus,
CD3� CD4� T cells and CD3� �� T cells do not appear to be
a significant source of Dectin-1-dependent IL-17A production
early after A. fumigatus challenge.

FIG. 1. Whole-lung versus lung cell IL-17A production from A. fumigatus-challenged Dectin-1-deficient mice. (A) C57BL/6 wild-type (WT) and
Dectin-1-deficient (KO) mice were challenged intratracheally with (5 to 7) � 107 A. fumigatus conidia, and 48 h after exposure, IL-17A levels in
lung homogenates were quantified by ELISA. Data are expressed as mean pg/ml � SEM. Cumulative data from three independent studies (n �
5 mice/group for each study) are illustrated. “**” represents a P value of 
0.01 (unpaired two-tailed Student’s t test). (B) C57BL/6 wild-type (WT)
and Dectin-1-deficient (KO) mice were challenged intratracheally with (5 to 7) � 107 A. fumigatus conidia, and 18 h after exposure, lungs were
collected and enzymatically digested. Immediately after single-cell suspensions were collected, total RNA was isolated from 1 � 106 cells and
transcribed to cDNA, and quantitative real-time PCR was performed for Il17a. Gene expression was normalized to Gapdh expression, and fold
changes between WT (set at 1) and KO mice were determined using the 2�		CT method. Cumulative data from five independent studies are shown.
“***” represents a P value of 
0.001 (paired two-tailed Student’s t test). (C) Lung cells were isolated as for panel B, and 1 � 106 cells were cultured
for 24 h in a volume of 0.2 ml. IL-17A levels were quantified in clarified coculture supernatants by ELISA. Cumulative data from five independent
studies are shown. Data are expressed as mean pg/ml � SEM. “**” represents a P value of 
0.01 (unpaired two-tailed Student’s t test). (D) Lung
cells were isolated as described for panel B, Fc blocked, stained with a live/dead staining kit, and thereafter stained with fluorochrome-conjugated
antibodies against various immune cell surface markers (see Materials and Methods). Cumulative data from three independent studies are shown.
Data are expressed as absolute numbers of live cells in the lung digest cell preparation. “*” and “**” represent P values of 
0.05 and 0.01,
respectively (unpaired two-tailed Student’s t test). PMNs, polymorphonuclear leukocytes; Eos, eosinophils; Monos, monocytes; Macs, macro-
phages.
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Lung CD11b� Ly-6G� cells are a source of Dectin-1-depen-
dent IL-17A after A. fumigatus challenge. We next determined
whether the major constituent in lung cells, CD11b� Ly-6G�

cells, was a source of Dectin-1-dependent IL-17A in the lungs

after A. fumigatus challenge. For this, we employed the in vitro
culture system developed for Fig. 1C. Lung cells were collected
18 h after A. fumigatus challenge and cultured overnight in the
absence of additional stimulation. To capture intracellular IL-

FIG. 2. IL-17A production by lung cells after A. fumigatus challenge partially requires IL-23. (A) Lung cells were isolated as described in the
legend to Fig. 1B, and 1 � 106 cells were cultured for 24 h in a volume of 0.2 ml. Neutralizing antibodies against IL-23 and IL-18 were added at
a final concentration of 2 to 5 �g/ml at the beginning of the culture (
-18 and 
-23). Rat (IL-18) or goat (IL-23) isotype antibodies (Iso 18 and
Iso 23) were included as a control. IL-17A levels were quantified in clarified coculture supernatants by ELISA. Cumulative data from five
independent studies are shown. Data are expressed as mean pg/ml � SEM. “**” and “***” represent P values of 
0.01 and 0.001, respectively
(unpaired two-tailed Student’s t test). (B) Immediately after lung cells were collected, total RNA was isolated from 1 � 106 cells and transcribed
to cDNA, and quantitative real-time PCR was performed for Il23. Gene expression was normalized to that of Gapdh, and fold changes between
WT (set at 1) and KO mice were determined using the 2�		CT method. Cumulative data from five independent studies are shown. “***” represents
a P value of 
0.001 (paired two-tailed Student’s t test). (C) Bone marrow-derived dendritic cells (BMDCs) were isolated and cultured at 1 � 106

cells in a volume of 100 �l. A. fumigatus conidia (A.f) were added at a 1:1 ratio to BMDCs in a volume of 100 �l. Supernatants were collected
after 24 h and clarified by centrifugation. IL-23 levels were quantified by ELISA. Cumulative data from three independent studies are shown. “*”
represents a P value of 
0.05 (unpaired two-tailed Student’s t test). Unstim, unstimulated. (D) Lung cells were isolated from WT and KO mice
as described for Fig. 1B, and 1 � 106 cells were cultured for 24 h in a volume of 0.2 ml. Recombinant murine IL-23 was added at 1 and 10 ng/ml
at the beginning of the culture. Controls included lung cells cultured in the absence of IL-23. IL-17A levels were quantified in clarified coculture
supernatants by ELISA. Cumulative data from three independent studies are shown. Data are expressed as mean pg/ml � SEM. “*,” “**,” and
“***” represent P values of 0.05, 0.01, and 0.001, respectively (unpaired two-tailed Student’s t test).
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17A, the last 8 to 10 h of this culture was in the presence of a
protein transport inhibitor. Employing the global myeloid cell
marker CD11b and the granulocyte/neutrophil-associated
marker Ly-6G, representative flow cytometric results illustrate
a CD11b� IL-17A� population (Fig. 4A) and a Ly-6G� IL-
17A� population (Fig. 4B) in lung cells from A. fumigatus-
challenged WT (left) versus Dectin-1-deficient (right) mice.
Cumulative data show that CD11b� IL-17A� lung cells (Fig.
4C) and Ly-6G� IL-17A� lung cells (Fig. 4D) are reduced by
half and two-thirds, respectively, in Dectin-1-deficient mice.
We also gated on CD11b� Ly-6G� cells and determined the
percentage that were IL-17A�, which indicated a 40% reduc-
tion in Dectin-1-deficient mice (Fig. 4E). Thus, CD11b� Ly-
6G� neutrophils from the lungs of A. fumigatus-exposed Dec-
tin-1-deficient mice have a reduction in intracellular IL-17A
expression.

Lung Ly-6G� cells require the presence of myeloid cells for
IL-17A production. We next questioned whether lung Ly-6G�

lung cells produced IL-17A in vitro. In initial studies, we bead
purified Ly-6G� cells from the lungs 18 h after infection and
immediately isolated total RNA. Assessment of Il17a mRNA
levels by real-time PCR indicated that purified Ly-6G� cells
from Dectin-1-deficient mice had a �2-fold reduction in Il17a
mRNA levels compared to those for WT mice (Fig. 5A). How-
ever, overnight culture of purified Ly-6G� cells from either
WT or Dectin-1-deficient mice unexpectedly resulted in little
to no IL-17A production in vitro (data not shown). Similar
results were obtained when CD11b� Ly-6G� cells were sorted
from WT and Dectin-1-deficient lung cells by flow cytometry
and cultured overnight (data not shown). This observation led
us to hypothesize that neutrophils were unable to produce
IL-17A without the presence of other cells, particularly those
that may serve as a source of IL-23. To address this, we bead
purified Ly-6G�, CD11b�, and CD11c� cells from 18-h lung
cells and cultured them at a ratio consisting of approximately
60% Ly-6G� lung cells, 30% CD11b� lung cells (some of
which are neutrophils), and 10% CD11c� cells in an effort to
replicate the percentages observed in Fig. 1D. Results showed
that IL-17A was undetectable in purified Ly-6G�, CD11b�,
and CD11c� cells cultured individually in the presence of A.

fumigatus (Fig. 5B). Interestingly, the addition of CD11b� or
CD11c� cells to Ly-6G� cells failed to induce IL-17A produc-
tion (Fig. 5B). However, upon combination of all three popu-
lations, we consistently detected IL-17A, albeit at low levels
(Fig. 5B). Thus, neutrophils require the presence of additional
myeloid cells for optimal IL-17A production.

Dectin-1 is not required for Rorc, Rora, Ahr, or Irf4 mRNA
expression in lung cells after A. fumigatus challenge. The tran-
scription factors retinoid-related orphan receptor gamma and
alpha, encoded by Rorc and Rora, are essential for IL-17A
production by CD4 T cells (14, 45). To date, Rorc has been
observed to be a marker of all lymphoid-like cells that produce
IL-17A. The aryl hydrocarbon receptor (Ahr) (42) (23) and
interferon regulatory factor 4 (Irf4) (5) are additional tran-
scription factors characteristic of IL-17A-producing cells.
Whether lung cells producing IL-17A also express these
transcription factors and whether they are dependent on
Dectin-1 for expression during A. fumigatus lung infection
have not been explored. Unexpectedly, despite having im-
paired Il17a mRNA expression (Fig. 1B), lung cells from A.
fumigatus-challenged Dectin-1-deficient mice did not dem-
onstrate an impairment in Rorc and Rora mRNA expression
but rather had significant increases in both transcription
factors (Fig. 6A). In contrast, Ahr and Irf4 mRNA levels
were not modulated by Dectin-1 deficiency (Fig. 6A). Sim-
ilar to unfractionated lung cells (Fig. 6B), purified CD11b�

Ly-6G� cells from Dectin-1-deficient mice also demon-
strated an increase in Rorc (Fig. 6B) and Rora (data not
shown) mRNA levels. Thus, impaired IL-17A production in
Dectin-1-deficient mice does not correlate with diminished
Rorc, Rora, Ahr, or Irf4 mRNA expression.

Thioglycolate-elicited peritoneal neutrophils produce IL-
17A in a Dectin-1- and IL-23-dependent manner in response to
A. fumigatus in vitro. Data thus far have indicated that in
response to A. fumigatus infection in vivo, neutrophils appear
to be a source of Dectin-1-dependent IL-17A. To further sup-
port this observation, we questioned whether naive neutrophils
had the capacity to produce IL-17A in a Dectin-1-dependent
manner in response to A. fumigatus in vitro. We therefore
isolated peritoneal neutrophils via thioglycolate elicitation (8)
(2) and assessed IL-17A production after overnight stimulation
with A. fumigatus. Results shown in Fig. 7 indicated similar
levels of neutrophil recruitment (Fig. 7A) and cellular compo-
sition (Fig. 7B) in WT (left) and Dectin-1 KO (right) mice in
response to thioglycolate. Upon overnight culture with A. fu-
migatus, peritoneal neutrophils from Dectin-1-deficient mice
produced only a third of the IL-17A produced by WT neutro-
phils (Fig. 7C). In support of the observation with lung cells,
we observed that IL-23 was also required for optimal IL-17A
production by thioglycolate-elicited peritoneal neutrophils
since IL-23 neutralization reduced IL-17A production by more
than half (Fig. 7D). Furthermore, similar to the case with lung
Ly-6G� cells (Fig. 4B), intracellular IL-17A was detected in
WT thioglycolate-elicited Ly-6G� cells stimulated with A. fu-
migatus in vitro and was at a nearly 8-fold lower level in Dectin-
1-deficient thioglycolate-elicited Ly-6G� cells (Fig. 7E). Thus,
IL-23 and Dectin-1 are required for optimal peritoneal neu-
trophil IL-17A production in response to A. fumigatus.

FIG. 3. IL-17A is not produced by T cells in a Dectin-1-dependent
manner after A. fumigatus challenge. Lung cells were isolated as de-
scribed for Fig. 1B and stimulated with PMA/I for 5 h in the presence
of GolgiStop inhibitor. Cells were Fc blocked, stained with a live/dead
staining kit, and thereafter stained with an anti-CD3 antibody, fol-
lowed by fixation/permeabilization, and stained for intracellular IL-
17A. Cumulative data from two independent studies are shown. Data
are expressed as the percentages of CD3� cells that are IL-17A�.
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DISCUSSION

We have previously reported that mice deficient in the beta-
glucan receptor Dectin-1 (129/SvEv background) are suscepti-
ble to lung infection with A. fumigatus (43). A correlate of

susceptibility was an impaired proinflammatory cytokine and
chemokine response in the lungs, and among these, IL-17A
was found to be a critical mediator of host defense and clear-
ance of the organism from the lung (43). Here we report that

FIG. 4. Lung CD11b� Ly-6G� cells are a source of Dectin-1-dependent IL-17A after A. fumigatus challenge. (A) Lung cells were isolated from
WT and KO mice as described for Fig. 1B, and 1 � 106 cells were cultured for 24 h in a volume of 0.1 ml (second half of the culture in the presence
of GolgiStop inhibitor). Cells were Fc blocked, stained with a live/dead staining kit, and thereafter stained for CD11b, followed by fixation/
permeabilization, and stained for intracellular IL-17A. Representative flow cytometric plots after gating on live cells followed by gating on CD11b�

IL-17A� cells are shown. Double-positive populations (CD11b� IL-17A�; square gates) were based on unstained controls. (B) Lung cells were
isolated and cultured as described for Fig. 1B. Cells were Fc blocked, stained with a live/dead staining kit, and thereafter stained for Ly-6G,
followed by fixation/permeabilization, and stained for intracellular IL-17A. Representative flow cytometric plots after gating on live cells followed
by gating on Ly-6G� IL-17A� cells are shown. Double-positive populations (Ly-6G� IL-17A�; square gates) were based on unstained controls.
(C) Cumulative flow cytometric data from panel A from three independent studies with lung cells cultured and analyzed in triplicate. Data are
expressed as the percentages of CD11b� IL-17A� cells. “***” represents a P value of 
0.001 (unpaired two-tailed Student’s t test). (D) Cumu-
lative flow cytometric data from panel B from three independent studies with lung cells cultured and analyzed in triplicate. Data are expressed as
the percentage of Ly-6G� IL-17A� cells. “**” represents a P value of 
0.01 (unpaired two-tailed Student’s t test). (E) Cumulative flow cytometric
data from three independent studies with lung cells cultured and analyzed in triplicate. Data are expressed as the percentages of CD11b� Ly-6G�

lung cells that are IL-17A�. “***” represents a P value of 
0.001 (unpaired two-tailed Student’s t test).
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an essential cell type required for clearing A. fumigatus from
the lungs, CD11b� Ly-6G� neutrophils (4), appears to also be
a cellular source of Dectin-1-dependent IL-17A. With the re-
cent identification of human Dectin-1 polymorphisms (12) and
the fact that the highest cellular expression of Dectin-1 in
humans is on neutrophils (44), our observations further illu-
minate the role of both Dectin-1 and neutrophils in defense
against A. fumigatus.

We initiated our study by demonstrating that immune cells
collected from enzymatic lung digestion 18 h after A. fumigatus
exposure were capable of producing IL-17A in vitro, which was

highly dependent on Dectin-1. We chose to isolate lung cells
18 h postinfection, followed by 24 h of culture, since we felt
that this best represented events occurring in the lungs within
the first 48 h of infection. This provided us with an experimen-
tal system to pursue cytokines that were required for lung
IL-17A production and potentially which cell type(s) was a
source of early, Dectin-1-dependent IL-17A production after
lung A. fumigatus challenge. The most surprising findings em-
ploying this system were that neutrophils were a Dectin-1-
dependent cellular source of IL-17A and that IL-23 but not
IL-1�, IL-6, or IL-18 was required for optimal IL-17A produc-
tion. TGF-� is an additional cytokine critical for IL-17A pro-
duction (21); however, TGF-� was not produced in the lungs in
a Dectin-1-dependent manner after A. fumigatus exposure (nor
in lung cell cultures; unpublished data) and thus was a low-
priority candidate for driving IL-17A production. In contrast,
IL-23 was a high-priority candidate in that we have previously

FIG. 5. Lung Ly-6G� cells require the presence of CD11b� and
CD11c� cells for IL-17A production. (A) Lung cells were isolated
from WT and KO mice as described for Fig. 1B, and Ly-6G� cells were
purified via magnetic bead isolation. Immediately thereafter, total
RNA was isolated from 1 � 106 cells and transcribed to cDNA, and
quantitative real-time PCR was carried out for Il17a. Gene expression
was normalized to that of Gapdh, and fold changes between WT (set
at 1) and KO mice were determined using the 2�		CT method.
Cumulative data from three independent studies are shown. “*” rep-
resents a P value of 
0.05 (paired two-tailed Student’s t test). (B) Lung
cells were isolated from WT mice as described for Fig. 1B, and Ly-
6G�, CD11b�, and CD11c� cells were purified by magnetic bead
selection followed by culturing with A. fumigatus for 24 h individually
or in various combinations. IL-17A levels were quantified in clarified
coculture supernatants by ELISA. Cumulative data from three inde-
pendent studies, with cultures performed in duplicate or triplicate in
each, are represented. Data are expressed as mean pg/ml � SEM. “*”
represents a P value of 
0.05 (paired two-tailed Student’s t test).

FIG. 6. Dectin-1 is not required for Rorc, Rora, Ahr, or Irf4 mRNA
expression in lung cells after A. fumigatus challenge. (A) Lung cells
were isolated from WT and KO mice as described for Fig. 1B. Imme-
diately after single-cell suspensions were collected, total RNA was
isolated from 1 � 106 cells and transcribed to cDNA, and quantitative
real-time PCR was performed for Rorc, Rora, Ahr, and Irf4. Gene
expression was normalized to that of Gapdh, and fold changes between
WT (set at 1) and KO mice were determined using the 2�		CT method.
Cumulative data from 10 independent studies are shown. “**” repre-
sents a P value of 
0.01 (paired two-tailed Student’s t test). (B) Lung
cells were isolated from WT and KO mice as described for Fig. 1B, and
Ly-6G� cells were purified via magnetic bead isolation. Immediately
thereafter, total RNA was isolated from 1 � 106 cells and transcribed
to cDNA, and quantitative real-time PCR was performed for Rorc.
Gene expression was normalized to that of Gapdh, and fold changes
between WT (set at 1) and KO mice were determined using the 2�		CT

method. Cumulative data from six independent studies are repre-
sented. “*” represents a P value of 
0.05 (paired two-tailed Student’s
t test).
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reported that IL-23 is produced at low levels in the lungs in a
Dectin-1-dependent manner after A. fumigatus exposure (43).
In turn, we have demonstrated here that lung cells from Dec-
tin-1-deficient mice had reduced Il23 mRNA expression and

BMDCs from Dectin-1-deficient mice failed to produce IL-23
upon stimulation with A. fumigatus, suggesting the strong pos-
sibility that IL-23 was a needed factor for IL-17A production.
Subsequently, IL-17A production by WT lung cells was re-

FIG. 7. Thioglycolate-elicited peritoneal neutrophils produce Dectin-1- and IL-23-dependent IL-17A in response to A. fumigatus in vitro. (A) Thio-
glycolate was injected intraperitoneally (3%; 1.5 ml) into naive WT and Dectin-1-deficient mice. After 4 h, mice were lavaged with 10 ml of prewarmed
tissue culture medium, and cells were isolated via centrifugation. Neutrophil recruitment was assessed by Wright staining of cytospun peritoneal lavage
cell preparations. Representative Wright stains of WT (left; 22/27 are neutrophils [81%]) and Dectin-1-deficient (right; 27/33 are neutrophils [77%]) mice
are shown. (B) Cumulative cell differential data as determined by Wright staining of cytospun peritoneal lavage cell preparations. Cumulative data from
three independent studies are shown. (C) Thioglycolate-elicited peritoneal neutrophils (1 � 106) were cultured in a volume of 100 �l. A. fumigatus conidia
were added at a 1:1 ratio to a volume of 100 �l. Supernatants were collected after 24 h and clarified by centrifugation. IL-17A levels were quantified by
ELISA. Cumulative data from four independent studies are shown. “*” represents a P value of 
0.05 (unpaired two-tailed Student’s t test). (D) Thio-
glycolate-elicited peritoneal neutrophils (1 � 106) from WT mice were cultured with A. fumigatus in the presence of neutralizing antibodies against IL-23.
Goat isotype antibodies were included as a control. IL-17A levels were quantified in clarified coculture supernatants by ELISA after 24 h. Cumulative
data from five independent studies with 1 to 2 mice per group analyzed in duplicate are shown. Data are expressed as mean pg/ml � SEM. “**” represents
a P value of 
0.01 (unpaired two-tailed Student’s t test). (E) Representative flow cytometric data of intracellular IL-17A staining of thioglycolate-elicited
Ly-6G� cells from WT and Dectin-1-deficient mice after coculture with A. fumigatus in vitro.
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duced by half when IL-23 was neutralized, indicating that IL-23
was required for optimal IL-17A production by lung cells.
However, since neutralization of IL-23 in the lung cell cultures
resulted in only a 50% reduction in IL-17A production, we
hypothesize that an additional cytokine(s) may also be playing
a role in Dectin-1-dependent IL-17A production by lung cells/
CD11b� Ly-6G� cells. Studies are under way to identify other
cytokines differentially expressed in lung cell cultures from WT
versus Dectin-1-deficient mice and to determine whether they
play a role in IL-17A production.

The most well-described cellular source of IL-17A is CD4�

T cells (17). In addition, ��� T cells are a known source of
IL-17A in several models, including A. fumigatus infection
(32). In fact, anti-CD3-stimulated 
�� and ��� T cells isolated
from p47phox-deficient mice demonstrated heightened IL-17A
production in vitro (32). However, a caveat to this observation
was the 3-fold-higher A. fumigatus lung burden in these mice at
the time points examined (32), which may play a role in am-
plifying IL-17A production by these cells types, especially in
p47phox-deficient mice, which are known to hyperrespond to A.
fumigatus (26). Nevertheless, published data indicated that a
focus on T cell sources of IL-17A during A. fumigatus infection
was warranted. However, we did not observe a significant pres-
ence of CD4� T cells or ��� T cells (less than 1% in WT and
Dectin-1-deficient mice; data not shown) in lung cells from
either WT or Dectin-1-deficient mice at the time point we
employed in our studies (18 h postinfection). In turn, stimu-
lating lung cells with PMA/I, which is extensively utilized for
both CD4� T cell and ��� T cell intracellular IL-17A produc-
tion (21) (23), did not result in a significant induction of intra-
cellular Dectin-1-dependent IL-17A in CD3� cells.

To focus our efforts on identifying a Dectin-1-dependent cell
source(s) of IL-17A in the lungs during A. fumigatus infection,
we determined the cellular composition of lung cells isolated
from WT and Dectin-1-deficient mice. These results indicated
that CD11b� Ly-6G� cells, commonly defined as neutrophils,
constituted the majority of cells in the lungs within the first
18 h after A. fumigatus exposure, which therefore positioned
this cell type as a candidate for the source of innate Dectin-1-
dependent IL-17A. We then applied intracellular cytokine
staining to determine which cell population(s) produced IL-
17A in a Dectin-1-dependent manner. We discovered that in-
tracellular IL-17A detection in myeloid cells was most consis-
tently observed when the cells were cultured overnight with the
addition of a protein transport inhibitor in the second half of
the culture. Employing this method allowed us to elucidate
that CD11b� lung cells were positive for intracellular IL-17A
and were reduced by 45% in Dectin-1-deficient mice. We sub-
sequently demonstrated that Ly-6G� lung cells also expressed
intracellular IL-17A and were also at a significantly lower level
in Dectin-1-deficient mice. Finally, intracellular IL-17A was
observed in WT thioglycolate-elicited peritoneal neutrophils
stimulated with A. fumigatus, and these cells secreted IL-17A
in a Dectin-1-dependent manner. Collectively, our data sup-
port a new role, i.e., IL-17A production by CD11b� Ly-6G�

neutrophils, for the essential cell type required for elimination
of A. fumigatus from the lungs. In other experiments, we asked
two additional questions. (i) What is the effect of neutrophil
depletion on IL-17A levels in the lungs? (ii) can adoptive
transfer of Dectin-1� neutrophils augment IL-17A production

in Dectin-1-deficient mice? In neutrophil depletion experi-
ments, we were unable to determine an inoculum that did not
result in a significantly higher lung fungal burden, which con-
sequently resulted in higher IL-17A levels (both in lung
homogenates and in lung cell cultures; data not shown). These
results lead us to hypothesize that other cell types have the
capacity to produce IL-17A when the A. fumigatus lung burden
becomes exacerbated. We hypothesize that by this point in the
infection, IL-17A-mediated defenses are likely immunopatho-
genic and along with a higher fungal burden may contribute to
mortality. Previous studies in CDG mice support this conten-
tion (32). In neutrophil transfer experiments, we were unable
to observe an effect on IL-17A production in Dectin-1-defi-
cient mice that received Dectin-1� neutrophils (data not
shown). This outcome could be dependent on many factors,
such as the number and timing of neutrophils being trans-
ferred. However, we hypothesize that the most likely explana-
tion is that the lung environment of Dectin-1-deficient mice,
i.e., impaired production of IL-1
, IL-1�, and tumor necrosis
factor alpha (TNF-
) among others, is not conducive to acti-
vation/survival of the transferred Dectin-1� neutrophils. More-
over, since Dectin-1-deficient mice have compromised IL-23
production, it is quite likely that transferred Dectin-1� neu-
trophils would not receive the proper signals required for IL-
17A production. One possible limitation of our study is that
additional A. fumigatus-induced IL-17A-producing cells are
present in the lungs and remain to be identified. However, our
goal for this study was to not identify every cell type producing
IL-17A but rather to identify which cell(s) produced IL-17A
specifically in a Dectin-1-dependent manner. To this end, we
have determined that CD11b� Ly-6G� neutrophils are a
source of Dectin-1-dependent IL-17A. Clearly, a goal in future
studies is to identify an additional IL-17A-producing cell pop-
ulation(s) in our model. However, we feel that more sensitive
methods will need to be employed (an IL-17A reporter mouse,
for example), which we anticipate will be a more efficient
method than intracellular cytokine staining for identifying
these IL-17A� cells.

In regard to neutrophil IL-17A production, a recent report
has shown that intranasal lipopolysaccharide (LPS) adminis-
tration led to recruitment of CD4� cells, CD8� cells, and
neutrophils, all of which were positive for Il17a mRNA expres-
sion by nonquantitative reverse transcriptase PCR (RT-PCR)
(11). In a model of vasculitis induced by myeloperoxidase
(MPO)-specific antineutrophil cytoplasmic autoantibodies
(ANCA), IL-17A� neutrophils were identified by intracellular
flow cytometry in casein-elicited peritoneal exudate cells when
stimulated with ANCA in the presence of a C. albicans cell wall
antigen (13). Upon purification from peritoneal exudate cells,
neutrophils produced IL-17A upon ANCA stimulation, albeit
at extremely low levels (3 pg/ml versus 0.5 pg/ml in unstimu-
lated cells) (13). A more recent study employing a model of
kidney ischemia-reperfusion injury identified IL-17A-produc-
ing cells collected from kidney digests as being Gr-1� using an
IL-17A secretion assay (20). Similar to our study, this study
identified IL-17A-producing neutrophils in an organ digest cell
preparation (kidney). Adoptive transfer of CD11b� Gr-1�

neutrophils isolated from Il17a�/� bone marrow resulted in
attenuated kidney injury, suggesting that IL-17A produced by
neutrophils was mediating kidney injury (20). Although adop-
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tive transfer of purified bone marrow Gr-1� neutrophils me-
diated IL-17A-dependent pathology in vivo, production of IL-
17A by purified neutrophils in vitro was not directly tested in
this study (20). We further hypothesize that IL-17A production
by neutrophils requires additional “help,” both in vivo and in
the presence of other cells in vitro. Indeed, Ly-6G� cells puri-
fied from the lung were unable to produce IL-17A in vitro
unless other cells, such as CD11b� and CD11c� cells, were
present. Similarly, although neutrophils were more enriched in
thioglycolate-elicited peritoneal lavages, small numbers of
other cell types were present. Moreover, the addition of
recombinant IL-23 to lung cells from both WT and Dectin-1-
deficient mice resulted in significantly increased IL-17A pro-
duction; however, IL-23 supplementation failed to induce IL-
17A production in purified Ly-6G� cells, again demonstrating
the requirement for the presence of additional myeloid cells.
Thus, we cannot exclude the possibility that cell contact be-
tween CD11b� Ly-6G� neutrophils and other cells in the lung
digest (or present in thioglycolate-elicited peritoneal cells) in
the presence of IL-23 and possibly other secreted mediators
are required for optimal Dectin-1-dependent IL-17A produc-
tion. Indeed, integrins such as CD11b/CD18 (1) and surface
receptors such as TREM-1 (29) are critical for neutrophil
activation and inflammatory responsiveness and thus may be
playing a role in the interactions of CD11b� Ly-6G� cells and
other lung cells in driving IL-17A production.

In summary, we have identified CD11b� Ly-6G� cells, i.e.,
neutrophils, as one cell type capable of producing Dectin-1-
dependent IL-17A during invasive fungal infection with A.
fumigatus. We can partially attribute lower IL-17A levels in the
lungs of A. fumigatus-challenged Dectin-1-deficient mice to
several observations: (i) impaired recruitment of CD11b� Ly-
6G� neutrophils, i.e., a lower number of IL-17A-producing
cells in the lungs, (ii) lower IL-23 production in lung cells/
dendritic cells, i.e., inadequate levels of factors required for
optimal IL-17A induction, and (iii) lower Il17a mRNA in pu-
rified Ly-6G� neutrophils and lower IL-17A production by A.
fumigatus-stimulated thioglycolate-elicited peritoneal neutro-
phils, i.e., an inherent defect in neutrophil IL-17A production.
Our studies also suggest that soluble mediators in addition to
IL-23 may also be playing a role in Dectin-1-dependent IL-17A
production by CD11b� Ly-6G� neutrophils. In addition, we
are the first to report that Rorc, Rora, Ahr, and Irf4 mRNA
expression during A. fumigatus lung infection is not dependent
on Dectin-1, further suggesting that there may be additional
Dectin-1-dependent mechanisms that mediate lung IL-17A
production during A. fumigatus infection. In conclusion, our
data provide additional insight into the complex role of Dec-
tin-1 in antifungal immunity and the generation of IL-17A
responses.
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